Within the last 10 years we observe the trend towards the decrease of the age of cerebrovascular diseases victims, and stroke morbidity and mortality in individuals of economically active age group increased for over 30% [1, 2] . In young and middle-aged patients major causes of stroke differ from those in elderly population, as they are represented by cardiac embolism and spontaneous dissection of the 
Definition, epidemiology and pathogenesis
The term "dissection" means intrusion of blood from the lumen of the vessel to the arterial wall through the intimal tear, and its expansion within the layers, more often between intima and media [5] . Blood accumulated within the wall (intramural haematoma; IMH) causes stenosis or occlusion of artery. Propagation of the blood to the adventitia results on the formation of the dissecting aneurism. Blood accumulated in the wall can tear intima in more distal part of artery and become connected with the main blood flow that results in formation of the double (false and true) lumen of artery [6] .
SAD incidence is approximately 5 cases per 100,000/year [7] . These numbers are probably undersized since dissection as the cause of ischemic stroke often remains undetected, or it may be associated with subtle clinical symptoms or even no symptoms at all, and may become evident only on neuroimaging study, angiography or ultrasound imaging. SAD rates are similar in men and women, and in vast majority of cases (90%) it affects young people [6] .
According to pathological studies, the cause of SAD may be dysplastic changes of artery wall, and, substantially less often, undifferentiated connective tissue disorders, arteritis, Ehlers-Danlos vascular syndrome, Marfan syndrome, cystic medial necrosis [7, 8] . Some authors suggest that arteriopathy underlying SAD may be temporary [3, 9] . The provoking factors can be minor injury of head or neck, physical strain, manipulations with neck, long-lasting uncomfortable position of head, preceding infection [6] .
Dissection more often develops in the extra-cranial parts of the vessels, namely in the cervical part of Internal Carotid Artery (ICA) and in V2 and V3 segments of Vertebral Artery (VA). This may be explained by greater mobility of the arteries on these levels and their anatomic proximity to osseous structures (e.g., cervical vertebrae, styloid process) [4] .
Clinical presentation
The most often clinical signs of internal carotid artery and vertebral artery dissection include cerebral or retinal ischemia, unilateral headache, face or neck pain, and Horner syndrome. More rare signs include dysfunction of cranial nerves and throbbing noise in ears [6, 7] . In almost every patient artery dissection is accompanied by pain. In ICA lesion the pain is localized in the frontotempoparietal region, on the anterior surface of neck, in the orbital area. VA dissection is characterized by occipital headache and pain on the posterior surface of neck [3, 8] . Horner syndrome (ptosis, meiosis and enophthalmos) is the typical presentation of ICA dissection and may be seen in half of patients. Horner syndrome develops ipsilaterally, and in some cases it can be the only manifestation of dissection [8] . Ischemic stroke or transient ischemic attack is the most serious presentations of dissection of ICA and VA. Stroke is usually associated with favourable prognosis for life and good recovery of neurological deficit [3] . Cerebrovascular accident develops due to the stenosis or occlusion of the artery, or due to the embolism of distal branches of intracranial arteries with thrombotic masses originated from the site of the dissection [7] .
Imaging diagnosis
Radiological methods play the leading role in the diagnosis of SAD [3] . Digital Subtraction Angiography (DSA) was the "golden standard" of SAD diagnostics for a long time, but recently it was shown that less invasive methods as Magnetic Resonance Angiography (MRA) and Magnetic Resonance Imaging (MRI) also have high sensitivity and specificity in the detection of artery dissection and subsequent monitoring of abnormal findings.
MRA includes Time of Flight (TOF), Phase Contrast (PC) and Contrast Enhanced (CE) techniques. Like digital subtraction angiography, all MRA methods allow revealing of typical signs of abnormal changes of artery lumen due to dissection. They include extended regular ("string sign"; Figure 1 ) or irregular stenosis ("wavy ribbon sign"; Figures 2, а and b). Narrowing of internal carotid artery usually occurs in its cervical part (on the level of C1 and C2 cervical vertebrae), starts for 2-3 cm more distally than the bulb and ends before the entrance to petrous part of temporal bone. Stenosis of vertebral artery is usually localized in the V2 segment on the level of C3, C4 and C5 cervical vertebrae [10] . More than in 20% cases the VA dissection includes intracranial expansion of the lesion [4] .
In the occlusion of ICA due to the dissection, angiographic signs are less specific; as the similar angiographic presentation is observed in occlusion resulted from atherothrombosis. The typical sign of ICA occlusion due to the dissection that may be seen in some patients is the pre-occlusive tapered stenosis, known as the "candle flame" or "rat tail" sign ( Figure 3 ) [11] .
Dissecting aneurysm is the local broadening of artery lumen and is often located precranialy in cervical part of ICA or in V2 segment of VA [12; 3] . In our recent study we demonstrated that the most often angiographic signs of dissection of VA and ICA is the irregular prolonged stenosis, while other typical signs are seen significantly less often; e.g., tapered pre-occlusive narrowing of artery was seen only in ICA (28%), and in VA this sign was not detected. Formation of double lumen is characteristic only for VA and it was observed only in 8% of cases [6] .
The advantage of MRA compared to DSA is the opportunity to visualize the arterial wall and to reveal the signs of IMH. For this purpose Т1 fat suppression (f/s) weighted image (WI) and Т2 f/s WI in parallel (coronary) and perpendicular (axial) planes relatively to the path of main arteries of neck are used. Dissection is associated with the increase of outer diameter of artery, decrease of diameter and eccentric positioning of artery lumen. IMH in the axial plane is seen as an area of semi lunar form with sharp contours that surrounds the arterial lumen like a cuff. Intensity of MR-signal from IMH is determined by paramagnetic properties of products of haemoglobin decay, and its changes over time have some common features with the decay of intracerebral haematoma ( Figure 6 ) [10] .
In the acute stage of the dissection (on days from 1 to 3) IMH has is intensive signal onТ1WI (Figure 7 , а) and hypo-intensive signal on Т2WI (Figure8, а) , that makes it difficult to distinguish it from surrounding tissues. Then MR-signal from IMH becomes slightly hyper intensive on Т1WI (Figure 7 , b) and high intensive on Т2 (Figure 8,  b) . By the end of the first week signal from IMH becomes hyper intensive on Т2WI as well as on Т1WI sequences (Figure 7, c) .
Gradual further decrease of signal intensity in IMH leads to inability to visualize it in 2-3 months after hematoma formation [12] . The issue of differentiating diagnosis of intra-arterial thrombosis and dissection that caused occlusion of artery lumen often arise [13] . Usually intra-arterial thrombosis is caused by white thrombus. To our data, it produces less intensive signal onТ1WI (Figure 9 , b) compared to IMH (Figure 9 , а), since it contains less haemoglobin and products of haemoglobin decay than IMH [13] . Another distinguishing feature of IMH vs. intra-arterial thrombosis is increase of outer arterial diameter in case of dissection.
Hyper-intensive signal from fat tissue surrounding artery can be falsely identified as IMH. Therefore, imaging sequences with fat suppression are of high importance [10] . Hyper-intensive MR-signal in vertebral venous plexus in transverse openings of cervical vertebrae due to slow blood flow may mimic sub acute IMH in the vertebral artery thus producing false-positive result. One should carefully assess the arterial lumen (it is normal if hyper-intensive signal comes from the venous plexus) and to check if there is a linear area of decreased MR signal intensity between the lumen of artery and IMH corresponding to intima on TOF MRA [14] . Atheromatous plaque may imitate local dissection of artery appearing as hyper-intensive rim on Т2WI. However, this rim usually produces isointensive MR signal on Т1WI by contrast with hyper-intensive sub acute IMH [15] . False-negative results are often in first days after the lesion, when IMH does not produce hyper-intensive signal and blends into surrounding tissues (Figure 7, а) .Therefore, in hyper acute stage of suspected dissection careful estimation of MRA data for the signs of abnormality within arterial lumen is essential [3] .
In addition to aforementioned Т1WI and Т2WI, TOF MRA may be also used for IMH imaging. This MRA technique provides an opportunity to visualize IMH due to lack of signal suppression in surrounding tissues with short T1 time (e.g., methaemoglobin within IMH) (Figure 10 ) [5] .
Besides assessment of raw TOFMRA data, reconstructed Maximum Intensity Projection (MIP) image analysis is also extremely important. Usually MR signal from blood flow has higher intensity than signal from IMH. Source (raw) data allows visualization of the whole circle (diameter) of artery, and MIP reconstruction allows visualization of length and precise localization of dissection [10] . There are several most common mistakes of TOF MRA image interpretation in suspected dissection. In some cases IMH is not revealed, as hyper-intensive signal from products of haemoglobin decay (methaemoglobin) mimics blood flow on MIP images (Figures 11, а  and b) . Moreover, artefact of sensitivity from skull base bones on MIP images sometimes appears as irregularnarrowing of proximal part of petrous segment of internal carotid artery and by mistake, it may be considered as dissection, especially if this narrowing is asymmetrical [10] .
It should be mentioned that another technique of non-contrast MRA, Phase Contrast (PC) МRА, as well as Contrast-Enhanced (СЕ) MRA depicts only lumen of the artery and does not allow direct IMH detection. PC MRA is used in diagnosis of dissection more rarely than TOFMRA or CE MRA. The drawback of СЕ MRA in comparison with DSA is lower spatial and temporal resolution; however, minimal invasiveness, absence of ionizing radiation, availability of the technique in outpatient setting are amongits undeniable advantages. The disadvantage of TOFMRA is low sensitivity to slow blood flow and poor ability to visualize curved portions of blood vessels due to lack of laminar circulation of blood and formation of turbulence. The advantage of СЕ MRA and TOFMRA in comparison to DSA is readily available extension of the study with Т2 f/s and Т1 f/s WIs with focus on stenotic portion of the artery to prove or to exclude dissection. Combination of MRI and MRA provides not only effective diagnostics of dissection, but it also can be used as non-invasive approach to monitor IMH regress over time or development of complications [16] .
As the development of dissection is dynamic process, changes of IMH are associated with changing of angiographic picture. Thus, stenosis of internal carotid artery and vertebral artery resolve completely or partially in 2-3 months that is the important sign of dissection (Figures 12, а and d) .
By contrast, occlusions due to dissection resolve only in half of cases [4] , and the level of residual stenos is in all cases is usually does not exceed 20% ( Figures 13, а and d) [17] .
In 1/3 of cases dissecting aneurysms regress completely, about 40% decrease in size. However, the double lumen of artery that developed in the acute period of dissection remains unchanged [4] . 
Conclusion
In patients with acute stroke, especially in young and middle age individuals without atherosclerosis, cerebral artery dissection should be considered, in particular in case when typical clinical characteristics are present (unilateral headache/pain in the neck, history of common provoking factors). For primary diagnostics it is necessary to choose the methods that allow visualization of artery wall (to detect IMH), arterial lumen (to detect angiographic signs of dissection) and brain tissue. For this purpose, MRI and MRA combination is used. A number of authors suggest the following protocol: Т1 and Т2 WIs of major arteries of head and neck with fat suppression in conjunction with СЕ MRA (or 3D TOFMRA if gadolinium enhancement is contraindicated) to detect abnormalities of arteries, and MRI of brain tissue to detect cerebral lesion [1; 12] .
In the Research Center of Neurology we use the following protocol for patients with suspected cerebral artery dissection:
• MRI of brain tissue(Т2, Т1, Т2 FLAIR, SWI, DWI with ADC mapping);
• 3D TOFMRA of extra and intracranial arteries;
• Т1 f/s and Т2 f/s WIs of major arteries of head and neck in coronary and axial planes. 
